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hat is the Problem? 

- Scientists want all the data! 
- Rovers are getting larger and driving farther -- thereby 

- But there are limifed resources, such as 
creating MORE DATA 

- not enough bandwidth to downlink all data that 

- limited DSN resource 
- power 
- storage and processing power 

instruments can capture 

Downlink Bandwidth Bandwidth Of  possible 
captured data 
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I) Increase the DSN capability 
2) Compress all data 
3) Restrict the quantity of data collected 

- Drive but do not collect data! 
- Cokct at randon tixesiiocztions 
- Collect at fixed fimddistance intervals 
- Collect at pre-selected locations 

4) Intelligently select data for downlink or 
compression by analyzing science data 
on board (prioritization) 

5) Summarize data using onboard science 
data analysis 

4 

2 



ssible Mission - Overview 

Numerous locations to visit which may 
require a several kilometer traverse 
between locat io n s 
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hat is Traverse Science? 

Collecting science information while 
traveling from point A to point B 
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averse Science Goals 

Identify pre-specified key targets 

Identify novel, unexpected objects 
Catalog and summarize terrain covered 

- signs of water 
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I averse Science Options 

1) Prioritize images (Navcam) collected during 
traverse for downlink P\ 

I b 2  1 
i k  

2) Collect inexpensive extra data of potentially 
Interesting objjects 

3) Slightly adjust path to get better view of a very 

4) Approach and take contact measurement of an 

interesting object 

extremely interesting object 
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Traverse Science Example 

Analyze Navcam images for science targets 

9 

Traverse Science ExarnDle 
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Compile summary information on region 
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Traverse Science Exarnde 
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Potentially interesting object detected 
-> take a color image 
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A 

Continue analyzing Navcam images 
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Traverse Science Example 

A 

Continue analyzing Navcam images 
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Traverse Science Example 

A 

Potentially interesting object detected 
-> take a color image or spectrometer measurement  
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Traverse Science Exanalale 

A 

Object appears to be very interesting 
-> slightly adjust course to improve view of object 

A 

Proceed along path to destination 
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Whv Traverse Science? 

Takes a long time to do “science” 

Helps to resolve the conflict between long driving 
requirements and science - geologists are afraid they 
are going to miss opportunities for science 

Not trying to replace geoiogists on the mission 

+ Increase total mission science return 
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How to: 
- Land in airbags 
- Drive a rover 
- Navigate a rover on 

another planet 
- Surface science 

Limited mobility due to 
line-of-sight 
com mu n icat ions 
Limited resources --> 
Limited science return 
The amount of time it 
takes to “do” science 
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s o n s  Learned: 2001 FlDO Field Test 

Can do in-depth science 
on a small region. 
Meet the minimum 
science requirements. 
Still have a lot of “dead 
time” for operations --> 
Scientist stay in one area 
too long to maximize 
science return 
Choose targets based on 
short traverses. 
Did not meet minimum 
mission criteria for rover 
mobility. 
Missed the “Rosetta” 
stone 
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I What about future missions? 

MER MSL 
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What Can Scientists Learn? 

Identify the "dinosaur bone". 
Chemical compositions, e.g. carbonate detector. 
Separate soils from rocks 
Characterize the variety of rocks/soils 

- texture 
- albedo 
- shape and size 
- color 

Identify the rock distribution 
Characterize local and regional geology 
- how the landscape developed (e.g. fluvial, impact 

bombardment, aeolian, etc.) 
- the geologic history of the region 
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Technoloav to Achieve this Vision 

Data Analysis 
- Rocklobject identification 

- Command sequence modification 
- Resource and state analysis 
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SIS Science Process 

INPUT OASIS PROCESS OUTPUT 

c 
Navcam 

+ 

26 Base Level 
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SIS Science Process 
?wv 

INPUT OASIS PROCESS O U T P E  

Javcam 

+ 

Extended Capabilities 

SIS Science Process 
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INPUT OASIS PROCESS QUTPW 

ipectmrnetei + 
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Data Analvsis 

L 
Image Analysis, 

29 

Poini spectra 
Hype rs pe ct ra I 
Identify presence of minerals in select classes 

Spectral images 
Multispectral (e.g. color image) 
H yperspect ral 
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Rock Detection from Range Data 

J Height image 

Final rocks 

nar lye-uaaeu 
elementary 
components 

I 

Victoria 
Gor 
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Texture classes for surface vesicularity 

Smooth Highly vesicular 

Visual texture provides information about geologic texture 
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Individual Rock Property Analysis: 

Separate image 
into 

homogeneous 
regions 

Goal of texture 
segmentation: 

Sedimentary rock 
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Extract features 

................ .... 

. ~ ........ ..................................... 
OriginaL Feature 
Image 

.................................... I !  i I 
Filters are orientation and spatial 

frequency dependent 

Cluster 
m 

Feature 1 

-+ 

35 

Individual Rock Property Analysis: 

Light Dark 
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Individual Rock Property Analysis: 
2D Shape Anafysis 

37 

~ ~~ ~ ~ ~~ 

Individual Rock Property Analysis: 
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Individual Rock Property Analysis 

Ang u I arity classes 

Rounded Sub-rounded/ Angular 
Sub-angular 
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Individual Rock Property Analysis: 

cobble 

pebble 

-d- 
40 

20 



Aaenda 

Overview of traverse science scenarios 
Sci en t if i c rno t iva t i o n 
Technology under development 

Data analysis 
Data prioritization and summary 
Planning and scheduling 
Software val ida t ion 

Conclusions 

41 

Carbonate Detector 
Trained neural network is used to separate rocks 
containing carbonate minerals from rocks that do not 
contain carbonate minerals 

. - ~ ., .,,I.. c 

l.I I .I.." ........ "."...I ...... ~ ..I.." 

Yrn field collection site 
supervised carbonate 

measurements ctassification 
(neural net) 

Silver Lake, CA spectrometer 
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Prioritization = Noveltv 

Clustering outliers 
Cluster ail data 

Mixture model outlier 
Train on all but test rock 

One-class d iscri mi nation 
Train on all but test rock Dennis Decoste 

And 
Dominic Mazzoni 
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Example data 

Unsupervised clustering 
ensures sampling each 

class of rock 

clustering using atbedo and texture 
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fanning Enabling to Traverse Science 

Applicable for 3 of 4 onboard science options 

Provides capability for adjusting the current command 
sequence to accommodate new science activities 
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idation 

Corn pa re auto mated 
prioritization to expert 
prioritization of same data 

Prioritization compared to 
ground truth as verified by 
experts at the field site 

Testing data 
Pathfinder 
Mars yard - Rocky 8, FIDO, digital 
camera 
Field data - FIDO, digital camera, IPS 
Portable stereo platform 

GUI for collecting expert 
ranking of data set 
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Combine three prioritization methods 
Include spatial information on rock locations 
Expand spectral analysis to new rock classes 
(sulfates, etc.) 
Expand from point 
spectral analysis to 
spectral images 
Data fusion from 
mu I tip le instruments 
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. Traverse science will 
- Help to resolve the conflict between long driving requirements 

and science 

* Geologists are afraid they are going to miss opportunities for 
science. 

Increase mobility and resource utilization. 

- Increase total mission science return. 

- Not replace geologists on the mission!!! 

Technology advances to enable traverse science 
are under development 
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Questions? 
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